A cervical aortic arch is a rare aortic arch anomaly assumed to result from persistence of the third aortic arch and regression of the normal fourth arch (1). Most patients with this anomaly are asymptomatic, but symptoms of dysphagia and respiratory distress due to compression by the vascular ring have been reported (1 7). Aneurysm formation involving the cervical aortic arch is very rare (2 14). Subaortic left innominate vein have usually been associated with heart anomaly (15 17). We report a case in which aneurysm formation involved the cervical aortic arch associated with the subaortic left innominate vein.
A cervical aortic arch is a rare aortic arch anomaly assumed to result from persistence of the third aortic arch and regression of the normal fourth arch (1) . Most patients with this anomaly are asymptomatic, but symptoms of dysphagia and respiratory distress due to compression by the vascular ring have been reported (1 7) . Aneurysm formation involving the cervical aortic arch is very rare (2 14) . Subaortic left innominate vein have usually been associated with heart anomaly (15 17) . We report a case in which aneurysm formation involved the cervical aortic arch associated with the subaortic left innominate vein.
Case Report
A 26-year-old man who had been healthy and symptomatic was admitted to our institution, where plain chest radiography initially indicated a mediastinal mass. Blood pressure in the right and left arm was 180/100 mmHg and 134/93 mmHg, respectively, without medication. A chest radiograph depicted a superior mediastinal mass in the left side ( Fig. 1) , and the aortic knob appeared to be small. CT demonstrated that the mass was a left-sided cervical aortic arch (Fig. 2 ) that compressed the left upper lobe at lung window setting. Linear calcification denoted a fusiform dilated aneurysmal wall (Fig. 3) , but none was present in the ascending, thoracic, or abdominal aorta. The size of the ascending aorta was normal (30 mm), but the descending aorta was narrower than usual, only 15 mm. The left innominate vein drained into the superior vena cava behind the aorta, which was in the anomalous subaortic position of the brachiocephalic vein (Fig. 2) .
Routine laboratory data were normal. MR angiography depicted a left-side aortic arch with normal branching of the innominate and left common carotid arteries, 3 An asymptomatic 26-year-old man was initially admitted with a suspicious mediastinal mass. On the basis of the contrast-enhanced chest CT findings, aneurysm formation involving the left cervical aortic arch associated with subaortic left innominate vein was diagnosed. The aneurysm was confirmed by MR angiography and DSA. The arch aneurysm was surgically removed. We describe this case, and review the literature.
hypertrophy of the right vertebral artery and obliteration of the left vertebral artery (Fig. 4) . Thoracic aortography using a right axillary approach demonstrated a left-side aortic arch with normal branching of the innominate and left common carotid arteries (Fig. 5) . The configuration of the ascending aorta was normal, but the diameter of the descending thoracic aorta was less than usual. The aortic arch was elongated and tortuous between the origin of the left common carotid and the left subclavian arteries, and inferior to the arch, a fusiform 28 Fig. 3 . Non-contrast CT shows linear calcifications (arrows) along the dilated aneurysmal wall. aneurysm had formed (Fig. 5) . The left vertebral artery was not identified, and the descending thoracic aorta was left-sided.
At surgery, an aneurysm was found at the site at which the trunchus arteriosum is usually present. The aneurysm was resected, and a Gore-Tex bypass graft used to replace the tortuous aortic arch between the origin of the left common carotid artery and the descending thoracic aorta. The left subclavian artery was sutured to the bypass graft. Histologic examination revealed a true aneurysm, which had atherosclerosis of the thick intima and media of the aortic wall, with dystrophic calcification, and a layer of adventitia (Fig. 6 ).
Discussion
The mechanism of development of an aortic arch anomaly is explained by the hypothetical double aortic arch system (1) . Between the fifth and seventh embryonic weeks, the persistence of the left fourth branchial arch and regression of the right fourth branchial arch produce a normal left aortic arch. Cervical aortic arch anomaly arises from the abnormal persistence of the third arch and regression of the fourth, which normally forms the normal aortic arch (1). Haughton et al. (12) classified cervical aortic arches as one of five types according to the configuration of the aorta, sequence of brachiocephalic branching, and embryogenesis, although some cases were unclassifiable. The descending 29 (13) showed that a right-sided descending thoracic aorta can also be classified as type D. In our case, the elongated tortuous transverse arch is thought to have originated from a persistent left third branchial arch.
The left brachiocephalic vein extends from the junction of the left internal jugular and left subclavian vein to the junction of the right brachiocephalic and right superior caval vein. The normal course is obliquely downwards and to the right, passing in front of the left subclavian, left common carotid, and brachiocephalic arteries, beneath the aortic arch. Very rarely, this vein follows an anomalous course, passing from left to right below the arch of the aorta, to enter the superior caval vein below the orifice of the azygos vein (15 17) .
To our knowledge, this is the first documented case of aneurysm formation involving the cervical aortic arch associated with subaortic left innominate vein to appear in the literature in English (Table 1 ). In reported cases in which an aneurysm involved the cervical aortic arch, patient age was 6 59 (mean, 30) years, but among the 14 patients (M:F= 4:10), only two were children. Type D in the Haughton classification is the most frequently occurring type of cervical aortic arch associated with aortic aneurysm (10/14 cases: 71%). A ventricular septal defect occurred in two patients, and in ten, involved a cervical aortic arch, with characteristic symptoms which in three cases included pain around the neck, shoulder, chest or back. An ischemic cerebrovascular attack occurred in two patients, including one child; dysphagia in two, and dyspnea in three. The aneurysm ruptured in one patient (10) , and another developed aortic dissection (4) . In one other, aortic coarctation and aneurysm involved the left cervical aorta (14) . In contrast, adult patients with no cervical aortic arch aneurysm were usually asymptomatic or experienced dysphagia (1, 7) .
Aortic aneurysms were located in the aortic arch in 11 patients, the descending thoracic aorta in two and both the arch and descending thoracic aorta in one. Nine of ten Haughton type-D aortic arch aneurysms occurred between the left common carotid and the subclavian artery, the location in which they are least common (6, 10) .
In congenital heart disease detected at echocardiography, the brachiocephalic vein has been reported to occupy an anomalous position in 0.98% of cases (24/2457) (15). Gerlis et al. (16) reviewed the literature, finding that in 25 cases, the brachiocephalic vein occupied an anomalous subaortic position. Sixteen cases were confirmed at necropsy; in ten, associated cardiovascular disease and anomaly were present, but in six there was no such association. Nine cases were confirmed by echocardiography and angiography, and in eight, cardiovascular disease was also present (16). Mill et al. (17) reported seven cases in which the course of the left brachiocephalic vein was found during surgery to be anomalous; six of these involved the tetralogy of Fallot, and in 30 (10) stated that the aortic aneurysms develop in the cervical aortic arch for reasons which include abnormal embryologic development, abnormal connective tissue, altered hemodynamics and aortic wall stress, and trauma. In our case, heavy calcification was observed only in the walls of the tortuous transverse arch and arch aneurysm, not in those of other regions of the aorta. Akduman et al. (8) and Hirao et al. (13) also reported the same findings, which suggest that abnormal histology of the walls of the cervical aortic arch, arch aneurysm, and the upper descending aorta, as well as the tortuosity of the transverse arch, caused hemodynamic disturbance and produced a large aneurysm (3). Taneja et al. (19) reported pseudocoarctation of the aorta, but in our case, the pathologic findings demonstrated the presence of a true aneurysm, which was differentiated from pseudocoarctation. The diameter of the ascending aorta was normal, but that of the descending aorta was smaller than usual. After surgery, our patient suffered hypertension, which may have been caused by a discrepancy between the sizes of the ascending and descending thoracic aorta. In our case, the abnormal course of the left innominate vein behind the aorta was visible at chest CT. The presence of an aneurysm involving the cervical aortic arch associated with the subaortic left innominate vein has not previously been reported in the literature.
In conclusion, aneurysm formation involving the left cervical aortic arch, visible at plain radiography, as a left superior mediastinal mass, is very rare. Contrast enhanced CT, MR angiography and DSA very easily differentiated between the aneurysm formation associated with subaortic left innominate vein and other masses.
